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PREFACE.

Tue rapid advances which have been made in modern
ties, towards a correct knowledge of the intimate structure
of animate and inanimate beings, by the employment of the
Microscope, have given to this instrument an importance
second only to that of the Telescope. By its agency alone
have crude notions and theories been swept away, and
science in civilized countries made to stand on a firmer basis.
In this land of machinery and manufactures, artists have not
been found wanting to devote their time and talents to the
conversion of what might once have been an amusing instru-
ment or a toy, into one of the most powerful auxiliaries that
can be employed in scientific research. In proportion to its
use, so has been the demand for improvement in its construe-
tion, and both amateur and optician have laboured together to
bring it to its present state of perfection, the former, in many
cases, furnishing the means to enable the latter to carry out
their designs. In the present day, so urgent has been the
call for Achromatic Microscopes in England, that the demand
has far exceeded the supply of information on matters con-
nected with their construction and use; since the works of
Sir . Brewster, Dr. Goring, and Mr. Pritchard, no treatises
of a practical nature have been published in this country.
The writings of Mr. Pritchard, although very excellent, are
chiefly confined to the instruments and apparatus of his own
manufacture, consequently, persons who are in possession of
microscopes constructed by others (and these by far the most
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numerous class) are still withouta guide to their management;
to remedy this deficiency, the present work has been under-
taken. The principal aim the Author has had in view has
been to furnish the uninitiated with a concise and practical
account, firstly, of the Microscope as known in former
years ; secondly, of the different forms of instruments now
generally employed; thirdly, of the methods of applying the
same to scientific inquiry ; and, lastly, of the various plans of
preparing, mounting, and examining animal, vegetable, and
mineral substances, together with a classification of a few
characteristic and interesting specimens that may be selected
from the great volume of Nature. '

It was, at first, the intention of the writer to have included
in the present Treatise the methods of dissecting and injecting,
as well as many very important matters, purely of an anato-
mical nature ; but he has found it advisable to defer these and
all others relating exclusively to physiological science to a
separate work, which he hopes at a subsequent period to lay
before the medical profession, to whom the Microscope has
now become indispensable as an educational instrument.

The different modes of preparing and examining Micro-
scopic objects are chiefly the result of the Author’s own expe-
rience, but as it would be next to impossible for cne individual
to be fully conversant with all these subjects, he begs to state
that he will always be glad to receive from fellow-labourers
any hints bearing on matters relating to the Microscope,
and ready to acknowledge the source from whence such
information may have been derived. In order to render
the matters treated of clear and intelligible to the general
reader, as many technicalities as possible have been avoided,
and the simplest language made use of; which will account
for the plainness of style and composition.



PREFACE. X

1t may be remarked that the name of Mr. Ross occurs more
frequently than that of any other optician; this has arisen
trom the very valuable papers published by him, from which
the Author has made copious extracts; he embraces this op-
portunity of acknowledging the kind assistance afforded him
on all occasions by Messrs. Powell and Lealand, Mr. Ross,
~and Messrs. Smith and Beck. He would here, also, beg to
tender his best thanks to Dr. Pereira, Mr. Bowerbank, Mr.
Jackson, and other gentlemen who have obligingly aided him
with much useful information during the progress of the book,
as well as to the artists, Messrs. Lieonard and Aldous, and
the wood engravers, Messrs. Vasey and Joyce, for the able
manner in which their part of the work has been executed.
In conclusion, the Author trusts that his endeavours may
not be unavailing in affording assistance to those who are
engaged in Microscopic investigations; and should his efforts
be conducive, in the slightest degree, to the promotion of
scientific research, the end for which he has laboured will be
fully accomplished.

15, DorcHESTER PLACE,
BLANDFORD SQUARE,
Now. 11th, 1848.
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A

PRACTICAL TREATISE

ON THE USE OF

THE MICROSCOPE.

HISTORY OF THE MICROSCOPE.

THE term microscope, derived from the two Greek words
pixpo; small, and oxomew to view, and said to have been
first suggested by Demisianus, is applied to an instrument
which enables us to see distinctly and to investigate objects
placed at a short distance from the eye, or to see such
minute objects as, without its aid, would be invisible. The
early history of this instrument, like that of many others
of a scientific nature, is involved in considerable obscurity, so
that not even the time of its discovery, nor the name of the
discoverer, can be fixed on with any degree of certainty; but
ag, in its most simple form, the microscope consisted of little
or nothing else than the magnifying power or lens, which
must of necessity have been made of glass or some other
transparent and highly refracting material, it is evident that
its invention may be referred to a period anterior to the
Christian zra. Aristophanes, who lived five centuries before
Christ, speaks in his Clouds of a burning sphere. Seneca,
who was born during the first year of the Christian sra, and
died A.p. 65, writes that small and indistinct objects become
larger and more distinct in form when seen through a globe
of glass filled with water.* Pliny, who died in a.p. 79,

* ¢ Literse quamvis minute et obscure, per vitream pilam aqu4 plenam
p p 4
majores clarioresque cernuntur.” Nat. Qusest, lib. i., cap. 7.

1



2 PRACTICAL TREATISE ON

mentions the burning property of lenses made of glass.
Ptolemy, the celebrated astronomer of Alexandria, who
flourished in the latter part of the first century, was evidently
cognizant of the existence of magnifying glasses, and
makes use of the word refraction in his work on optics.
The testimony of these ancient writers, however, is only im~
portant as proving the existence of the microscope in its most
simple and rudimentary form, viz., as an instrument composed
of a single magnifying glass or sphere, whose chief application
appears to have been that of concentrating the heating power
of the sun’s rays. To our countryman, Roger Bacon, who
was born at the commencement of the third century, is attri-
buted the invention of the telescope, the camera obscura, the
reading glass, and gunpowder, and, by some, the discovery of
the microscope; as he speaks, in his Opus Majus, of principles
applicable to it, and Record, in his work entitled Chemin de
la Science, published in 1551, relates that Bacon, whilst at
Oxford, made a glass which exhibited such curious things,
that its effect was generally attributed to some diabolical
power. It is, however, certain that the simple microscope, if
we apply this term to every instrument used for magnifying
objects, first consisted of a sphere of glass or of a globe, of
the same material, filled with water, these, no doubt, were
soon superseded by lenses of a bi-convex figure, for, according
to Dr. Francis Redi, these latter were in use early in the
fourth century. Some hundreds of years were suffered to
elapse before the microscope was again noticed, and then
we read of it in its improved or compound form, as being
supplied with two or more magnifying powers. Several
authors, especially Huyghens, assign the invention of the
compound microscope to Cornelius Drebbel, a Dutchman, in
the year 1621, whilst Fontana, a Neapolitan, claims the dis-
covery for himself in 1618. According to Borellus, it was
invented by Zacharias Jansen or Zansz, or his father Hans
Zansz, spectacle-makers at Middleburg, in Holland, about
the year 1590. They are said to have presented the first
microscope to Charles Albert, Archduke of Austria. ¢ One
of their microscopes,” says Sir D. Brewster, in his 7reatise

e L
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THE MICROSCOPE. 3

on Microscopes, page 2, “ which they presented to Prince
Maurice, was in the year 1617 in the possession of Cornelius
Drecbbel of Alkmaar, who then resided in London as mathe-
matician to King James L., in which place he made micro-
scopes, and passed them off as being of his own invention.”
These instruments were said to be six feet in length, and
consisted of a tube of gilt copper, one inch in diameter, sup-
ported by thin brass pillars, in the shape of dolphins, on a
basc of ebony, which was adapted to hold the object to be
examined; nothing, however, is known of their internal con-
struction, they were, probably, nothing more than telescopes
converted into compound microscopes, and there is no doubt
but that they were similar to the one which Zpinus has
described in a letter addressed to the Academy of Sciences
of St. Petersburg. We are also told by Viviani, an Italian
mathematician, in his Life of Galileo, ¢ that this great man
was led to the discovery of the microscope from that of the
telescope, and that, in 1612, he sent one to Sigismund, King
of Poland;” he adds, ¢ that this philosopher worked twenty
years at his apparatus in order to perfect it. But, notwith-
standing all the above conflicting statements, the credit of
the invention of the compound microscope is given (in this
country at least) to Zacharias Jansen, in 1590.”

Leaving then the region of uncertainty, let us now direct
our attention to matters of a more tangible nature. With
the foundation of the Royal Society, in 1660, may be said to
have commenced a new wra in optical seience, for not only do
we now find new microscopes described, but the early volumes
of the transactions literally teem with improvements in the
construction of these instruments, and with discoveries made
through their medium. One of the first contributors appears
to have been the celebrated Robert Hooke, who, as early as
the year 1667, published a work on some physiological de-
scriptions of minute bodies made by magnifying glasses,
entitled Micrographia, which may be fairly styled one of the
woncdlers of the day; it is illustrated with 38 plates, and was
ordered for publication November 23rd, 1664, but did not
appear until three years afterwards.

1 *



1 PRACTICAL TREATISE ON

The microscope used by Hooke was a compound one
= with three lenses, and is
¢ shown at fig. 1, and also

in the sixth figure of the

first plate of his work, in
which figure it will be
perceived that he likewise
represents a method of illu-
minating opaque objects,
which is even practised at
the present day, the plan
being to place a globe of
glass filled with salt water or
brine immediately in front.
of the lamp, the pencil of
rays from the globe are received by a small planoconvex lens,
placed with its convex side nearest the globe, which condenses
them upon the object. Hooke also informs us of an accurate
method of finding the magnifying power of a compound
microscope, than which a better plan has not been suggested
in modern times, and as it would be difficult to make his de-
seription shorter or more intelligible than it is, I shall here
transcribe his own words :—¢ Having rectified the microscope
to sce the desired object through it very distinctly, at the
same time that I look upon the object through the glass with.
one eye, I look upon other objects at the same distance with
my other bare eye; by which means I am able, by the help
of a ruler divided into inches and small parts, and laid on the
pedestal of the microscope, to cast, as it were, the magnified
appearance of the object upon the ruler, and thereby exactly
to measure the diameter it appears of through the glass,
which being compared with the diameter it appears of to the
naked eye, will easily afford the quantity of its magnifying.”

To Hooke also belongs the merit of having first made globule

lenses of high power, an invention which Hartsoeker has

also claimed; but if the dates of the works of these respective
authors be consulted, it will be seen that the Micrographia
of Hooke was published in the same year that Hartsoeker

Fig. 1.
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was born. Hooke describes exceedingly well the process of
making globule lenses, which is as follows:— If you take a
clear piece of Venice glass, and, in a lamp, draw it out into
fine threads, and then holding the ends of these threads in
the flame, until they melt, they will run into a small round
globule or drop, which will hang to the end of the thread;
having made a number of these, they are all to be stuck upon
the end of a stick with a little sealing-wax, with the threads
standing uppermost, these ends are to be ground off first on a
whetstone and then polished on a metal plate with tripoli.
The: lenses thus finished, if placed against a small hole made
in a thin piece of metal, and fixed there with wax, will both
magnify and make some objects more distinct than any of the
great microscopes can do.”

* The optical part of the microscope of Hooke consisted of a
small object-glass, a field-glass, and an eye-glass; when he
wished to examine the parts of an object more accurately, he
removed the middle or field-glass, and by that means he
states he obtained more light and better definition. The
compound body was of the shape represented by fig. 1, and
when shut up was seven inches in length, and three inches in
diameter, but was capable of being drawn out like a telescope,
it being supplied with four tubes or slides; it was also capable
of being inclined at any angle by means of a ball and socket
joint, as represented by fig. 1. Coeval with Hooke were
Eustachio Divini, of Rome, and S. Campani, of Bologna, the
former of whom, in the year 1668, published, in the Philo-
sophical Transactions, an account of his microscope, which
consisted of an object-glass and field-glass, like that of Hooke,
but, instead of a double convex eye-glass, he substituted two
plancconvex lenses, which touched each other in the middle
of their convex surfaces; by this arrangement a flat field of
view was obtained, at the same time with a considerable
amount of magnifying power. It is said,* that the compound
body of this instrument, when shut up, was sixteen inches
long, and as large in circumference as a man’s thigh, and that
the eye-glass was equal in size to the palm of the hand; its

¥ Chevalier des Microscopes et de leur usage, p. 15.
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power was increased by draw tubes from 40 to 140 times.
The latter, or S. Campani, of Bologna, was also a maker of tele-
scopes and microscopes, and a successful rival of the former,
his instrument was somewhat similar to that made by Divini,
being on the principle of an inverted telescope, Campani’s

b
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Fig. 2.

lenses are said to have been worked on
aturn-tool, and not moulded. In 1672
we find that S. P. Salvetti made micro-
scopes in imitation of those of Divini
and Campani, but which were found to
far exceed those of the above-mentioned
artists in their magnifying and defining
powers; but we are not told in what
points of construction these instru-
ments differed from those of his prede-
Cessors.

In the year 1673, the name of the
immortal Leeuwenhoek first appears
in the Philosophical Transactions of
this country, as a discoverer of nu-
merous wonders by aid of the micro-

scope; his instruments, which were composed of single lenses,
are said to have been greatly superior to all that had been pre-

e

Fig. 3.

viously made. According to Baker,
they were also remarkable for their
simplicity, each one consisting of a
single lens set between two plates of
silver, perforated with a small hole,
with a moveable pin before it, to
place the object on and adjust it to
the eye of the beholder. ¢ It has
been stated by many authors,” says
Baker, (On Microscopes, vol. ii.,) ¢ that
the magnifiers used by Leeuwenhoek
were globules or spheres of glass, like
those invented by Hooke, but such
is not the case; he assures us that in
the cabinet of the twenty-six micro-
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scopes, left by that famous man at his death to the Royal
Society as a legacy, each instrument has a double convex
lens, and not a sphere or globule.”

An account of these microscopes was drawn up by Baker,
in 1740, and published in the Philosophical Transactions for
that year. [Fig. 2 represents a front view of the instrument,
and fig. 3 a back view, both being of the exact size of the
original : a fig. 2 represents a flat plate of silver, which is ri-
vetted to fig. 3 by rivets b & b; between these plates a small
double convex lens is let into a socket, and a hole drilled in
each plate for the eye to look through the lens at ¢, fig. 2; a
limb of silver d is fastened to the plate @ by a screw e, this
has another piece of silver joined to it at right angles f, fig. 3,
through this a long fine-threaded screw ¢ runs, which turns in
and raises or lowers the stage &, whereon is fastened a pin ¢,
for the object to be attached to, this pin can be turned about
by the little handle %, and the stage itself is adjusted to or
from the lens by the screw /, which passes through the stage
in a horizontal position, and when the screw is turned, the
stage is forced from or brought nearer to the lens at c.

¢ All the parts of these microscopes,” says Baker, ¢“are of
silver, and fashioned by Mr. Leeuwenhoek’s own hand, and
the glasses, which are excellent, were all ground and set by
himself, each instrument being devoted to one or two objects
only, and could be applied to nothing else. This method
induced him to make a microscope with a glass adapted to
almost every object, till he had got some hundreds of them.
The highest magnifying power was 160 diameters, and the
lowest 40.

In the year 1698, Philip Bonnani, in his work entitled
Observationes circa viventia, que in Rebus non viventibus repe-
riuntur, describes a compound microscope in use by him.
This microscope, which is represented by fig. 4, was placed
on a stand in the horizontal position, and was provided
with a stage for the objects; and, with a coarse and
fine adjustment to the compound body, the former was
obtained by means of a rack and pinion, which moved the
entive frame-work, supporting the compound body, whilst
the latter was effected by a screw in the end of the body
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itself near to the object glass; and to steady the opposite end
of the body, a triangular support was provided, on which the

body was readily turned. In order to make the light of a
lamp, or even daylight, more efficient, this instrument was
supplied with a short tube, in which were two double convex
lenses, as in a magic lanthorn, which served to condense the
light upon the object.

From the time of Bonnani until the commencement of the
eighteenth century, little was
done towards the improvement of
the microscope. During this in-
terval, a work entitled Oculus
Artificialis Teledioptricus, &ec., was
published at Nuremberg, in 1702,
by Jean Zahn, in which were
contained numerous curious apho-
risms, and a description of many
compound  microscopes, and,
amongst others, two binocular
ones, and also a figure of the
microscope of Francis Grindelius,
which is represented by fig. 5. Tt
will be seen that this instrument
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was used for opaque objects, and that its optical part consisted
of six planoconvex lenses, but of its size we have no record.

About this time, the end of the 17th century, Sir Isaac
Newton was in the zenith of his glory; having discovered, in
1672, the theory of light and colours, he was led to the im-
provement of the telescope, by substituting mirrors for lenses,
and he commences his memorable paper in the Philosophical
Transactions with these words:— When I had found that
light consists of rays differently refrangible, I left off my
gliuss works, for I saw that the perfection of telescopes was
hitherto limited not so much for want of glasses truly figured,
as because that light itself is a heterogeneous mixture of dif-
ferently refrangible rays. Having constructed a telescope on
the reflecting principle, Newton was soon led to apply the
saine principles to the microscope, and we find that in the
year 1672 he discovered the first compound reflecting micro-
scope, which has since been so greatly improved by Amici,
Tulley, Cuthbert, and Dr. Goring. Newton also suggested
that the compound refracting microscope would be greatly
improved ¢if the object to be viewed were illuminated in a
darkened room by light of any convenient colour not too
much compounded;” in fact, monochromatic light.

About this period, 1696, we find that Mr. Stephen Gray,
of the Charterhouse (Philosophical Transactions, No. 221,
p. 280), suggests that globule lenses should be formed of
small pieces of glass melted into a globule on charcoal by
means of a blowpipe; but finding that he could not always
succeed, and that on the side on which they rested on the
charcoal they were more or less flattened or opaque, he was
led to the construction of his water microscope, which was
nothing more than a drop of that fluid lifted up with a pin
and deposited in a small hole in a piece of brass. The drop
retuined nearly a spherical form, and showed objects with
sonie degree of distinctness.

e subsequently contrived the apparatus represented by fig.6,
tobe used as a water microscope : a b is called the frame of the
microscope, and was made of brass one-sixteenth of an inch
thick; at @ isa small hole one-thirtieth of an inch in diameter,
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which contains the water, which can be dropped into it by a pin
or large needle, and there forms a double convex lens of water:
c d ¢, is another piece of brass, well ham-
mered, so as to be springy, and called the
object supporter; it is attached to the plate
a b, by the screw e; it has a point for
opaque objects at f; and a hole for fluids
at ¢, both of which can be brought oppo-
site to the lens a, and can be made to
approach or recede from the lens by turning
the screw g in the round plate. This screw
is attached to the object supporter c, d, e, and
passes through it to the plate a, b, against
which it works, The supporter, being made
Fig. 6. springy, obeysreadily the turns of thescrew g.
Mr. Stephen Gray was also the inventor of a simple reflecting
microscope, represented by fig. 7. A represents a brass ring,
one-thirtieth of an inch thick, whose inner
diameter is about two-fifths of an inch.
Having dissolved a globule of quicksilver in
one part nitric acid and ten parts water, he
rubbed with it the inner surface of the
ring, which became silvered : having wiped
it dry, he put a drop of quicksilver within
it, which, when pressed with the finger,
adhered to the ring, and formed a convex
speculum. When the ring was taken up
carefully and laid on the margin of the
cylinder B, the mercury sank down
and formed a concave reflecting speculum.
The cylinder B is supported by a pillar,
which is attached to the foot D, CC, F, G,
represents a stage, which is capable of being
raised or depressed by the screw on the
pillar. The object is placed on the ring G,
and is adjusted to the focus of the speculum
by the abovementioned screw.
This ingenious gentleman also in May, 1697, suggested the




THE MICROSCOPE. 11

making of lenses of water let fall on pieces of plane glass,
which form themselves into planoconvex lenses: he found
that they magnified greatly, but as the fluidity of the water
obliged him to keep the glass horizontal, he was led to try
isinglass dissolved in hot water, whereby the drops, when
cold, although less transparent than the pure water, neverthe-
less allowed of these lenses being used in any position, a plan
which many years after was followed up and greatly improved
by Sir David Brewster, who used minute drops of varnish or
other viscid fluids placed on the thin pieces of flat-glass.
‘When the lens so formed was required to be very convex, the
glass was held so that the drop was downward; but when
less convex, then the drop was allowed to dry with the
plate of glass downwards.

In the year 1702, we find in the Philosophical Transactions
a description of the pocket microscope of Mr. J. Wilson,
who, following the opinion of Hooke, that single magnifying
glasses, when they can be used, are preferable to microscopes
composed of two or more
magnifying glasses, was led to
the construction of this in-
strument, which, from its fre-
quent mention by Baker and
other authors, appears to
have had a far-famed cele-
brity, and, indeed, many
specimens of it are still te
be met with; one of the ear-
Liest forms of this instrument
is represented by fig. 8. The
body A A A A, which was
made either of ivory, brass, or
silver, was of a cylindrical
figure, and about two inches
in length, and one inch in
diameter; into the lower end
the magnifiers are screwed,
whilst into the upper screws, a piece of tube D, having
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at the end C a convex glass, and on its outside a male
screw. Three thin plates of brass E are made to slide easily
in the inside of the body to form the stage, one of these plates
F is bent semi-circularly in the middle, for the reception of
a tube of glass, for viewing the circulation of the blood in
small fish, whilst the other two are flat, and between these
last all the object sliders are introduced; between the stage
and that end of the body into which the magnifier screws is
a bent spring of wire H, which answers the purposes of
keeping the objects firmly between the plates of the stage,
and also of pressing the stage firmly against the screw-tube.
The magnifiers supplied with this microscope were eight_ in
number, and the objects were adjusted to the focus of them
by the screw-tube D, for which purpose the screw was made
of nearly the same length as the body. This instrument
was held in the hand in such a position that the direct light
from a candle or lamp may pass directly into the condensing
glass; and it was subsequently much improved wupon
> by the addition of a spiral
1 spring, instead of the curved
one, and by a handle which
screwed into the body at
right angles to its length,
and served the purpose of
keeping the body in the
horizontal position.
p  Mr. Wilson was also the
inventor of a microscope for
opaque objects, represented
by fig. 9, which consisted of
a thin piece of flat brass B
about six inches long and
half-an-inch wide, one end
of which served as a handle,
and to the other A the mag-
nifier was screwed; con-
nected with the middle of
this piece of brass by a hinge was a jointed arm PP,
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which carried at its free extremity a sliding wire G, to one
end of which was attached a pair of forceps I 1, and to
the other a small disc of ivory H, blackened on one side
and white on the other; the arm was capable of being
adjusted to or from the lens by means of a screw C, having
a nut with a milled head D, the spring E served to keep the
lens holder A B in contact with the nut; this form of in-
strument is in use at the present day, and a modification of
it was adopted by the celebrated Lieberkuhn about forty
years afterwards.

The wonderful discoveries made by Leeuwenhoek by the
single microscope gave to this kind of instrument an universal
reputation, and we find, accordingly, that the compound
form was laid aside
for a time, and the
pocket microscope
of Mr. Wilson was
in great demand.
Upwards of thirty
yearswere suffered
to elapse before we
again find (in this
country, at least)
any step towards
the improvement
of this instrument;
but the compound
microscope, then in
use,was the contri-
vance of Mr. John
Marshall, and,
from its unwieldy
nature, was very
little employed. It
was, however, the
first of the com-

Fig. 10. 2 pound kind which
was made for sale in this country, and is represented by
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fig. 10. It consists of an octagonal base of wood z, which
supports a square pillar of brass I, having a ball and
socket joint at m. On the pillar 7% an arm d, carrying
the compound body a'a’, is made to slide up and down,
and above it another smaller arm g, which has a screw
for tightening it, at % ; f is a long screw which is attached
to the arm d which carries the compound body, and when
the arm ¢ is fixed by the screw %, the nut ¢ will raise or
depress the compound body; p is the stage, which is fixed
to the pillar by the arm n » and the nut o; and a fish is laid
on the stage for examination; r is a convex lens, for con-
centrating on the stage the rays of light from the candle s,
which was placed on a stool, or on the ground, whilst the
microscope stood on the edge of a table; v is termed a
leaden coffin, for putting over the fish to keep it from moving.
The optical part of this microscope consisted of two convex
lenses, forming the eye-piece in the compound body, and of
six magnifiers, which could be screwed on to the tube e
The pillar 7% was marked with the numbers 1, 2, 3, &ec., to
show the respective distances of the magnifiers from the

. object. There was no mirror to this microscope, but direct

light could be used when the body, by means of the ball and
socket-joint, was turned horizontally. A drawer ¢ in the
stand z served to contain the magnifiers and other appa-
ratus. This instrument was subsequently much improved
upon by Mr. Culpeper and Mr. Scarlet, and will be pre-
sently described.

In 1738, a new @ra in microscopic science presented itself
in the discovery, by Lieberkuhn,* of the solar microscope,
and of a concave silver speculum for viewing opaque objects,
which still bears his name, both of which instruments were
subsequently greatly improved upon by our countryman,
Mr. Cuff. The solar microscope, as invented by Lieberkuhn,
could not be employed unless the sun’s rays fell directly upon
a condensing lens, therefore its use was limited to a short
portion of the day. Cuff, however, applied a moveable
mirror to it, and made it more available for general use.

* Dr. Nathaniel Lieberkuhn of Berlin.
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Lieberkuhn himself exhibited his microscopes to some
Fellows of the Royal Society of London in 1739.

The solar microscope, as improved by Mr. Cuff, for a
length of time created great wonder and astonishment; it
was principally used for the exhibition of animalcules, and
the circulation of the blood in the newt, frog or eel; and was
also recommended for getting the exact figure of objects on a
large scale, the image being received upon a screen of paper,
on which the outline was traced either with a pen or pencil ;
when the paper was sufficiently thin, the artist, standing
behind the screen, was enabled to draw the image much
better than when standing in front of it, and with this great
advantage, that the shadow of the hand did not interfere
with, or obstruct, any portion of the light.

But by far the most useful of Lieberkuhn’s microscopes
was the one for viewing opaque objects, by means of which
he made so many important discoveries in
the minute structure of the mucous mem-
brane of the alimentary canal, as to im-
mortalize his name. The most simple
form of this instrument is represented by
fig. 11; it is not unlike the pocket instru-
ment of Wilson, represented by fig. 9,
and, like it, was held in the hand by the
handle p; a is a flat piece “of brass at-
tached to the handle p, it supports the
lens holder 7, and through it passes the
screw b, which is connected to the back-
plate c; a spring e keeps the plates a, ¢,
apart, and the nut d adjusts the lens to
the focus of the object, either on g or A.
But the chief point of merit in its con-
struction consists in a concave speculum
of silver % highly polished, to the centre
of which the magnifying glass 7 is adapted ;-
this being screwed into the ring 7, and
the object being fixed upon the point g, or
Fig. 11. held in the forceps %, the instrument is

J
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placed in such a position, that the light from the sun, or bright
cloud, being received upon the speculum, the rays are con-
centrated upon it, and it becomes brightly illuminated,
and is adjusted to the focus of the lens by turning the
nut d ; all loss of time in the screw being prevented by the
spring e. The Lieberkuhn, is that part of the instrument

SR

Fig. 12.

which is the most important, and is
in general use even in the present
day. Lieberkuhn was also celebrated
for his beautiful injections of the
minute tissues and organs of verte-
brate animals; many specimens of
which are still extant.

In the museum of the Royal College
of Surgeons of England there is a
small cabinet of two drawers, con-
taining twelve
of these valua-
ble relics, each
injection being
g CJ » provided with

] a separate mi-
croscope, of the
form shown by
fig. 12. A, B
represents  a
piece of brass tube, about an inch
long, and an inch in diameter, which
is provided with a cap at each extre-
mity, the one at A carries a small
double convex lens of half an inch in
focal length, whilst the one at B car-
ries a condensing lens three-quarters
of an inch in diameter.

A vertical section of one of these
instruments is seen at fig. 13. A re-
presents the magnifier, which is
lodged in a cavity, formed partly by

D

" Fig. 13.

i
&
:
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the cap A and by the silver cup or speculum Z In
front of the lens is the speculum /, which is a quarter
of en inch thick at its edge, and whose focus is about
half an inch, and in front of this there is a disc of metal ¢
threc-eighths in diameter, which is connected by a wire
with the small knob D; upon this disc the injected portion
is fastened, and is covered over with some kind of varnish
which has dried of a hemispherical figure. Between this
knol and the inside and outside of the tube there are two
slips of thin brass, which act as springs to keep the wire
and disc steady. When the knob is moved, the injected
object is carried to or from the lens, so as to be in its focus,
and 10 be seen distinctly, whilst the condensing lens B serves
to concentrate the light on the speculum. To the lower part
of the tube a handle of ebony, about three inches in length, is
attached by a brass ferrule and two screws. The use of this
instrument is obvious; it is held in the hand in such a
position, that the rays of light, from a lamp or white cloud,
may fall on the condenser B, and are by it concentrated on
the speculum /, which again further condenses them on the
object on the disc C, which object, when so illuminated, can
readily be adjusted by the little knob D, so as to be in
the focus of the small magmﬁer at A.

The injected preparations in these twelve microscopes, now
nearly a century old, are remarkably beautiful, and the only
injury which they have sustained, is that of the varnish, which,
from age, has cracked in some places. ILieberkuhn’s principal
researches were confined to the minute structure of the mucous
membrane of the alimentary canal; and for the investigation
of these opaque parts, he is said to have invented the silver
speculum which bears his name, although, from a descrip~
tion and figure in the works of Leeuwenhoek,* one would be
inclined to suppose that that illustrious man was cognizant of
its principles and use.

The microscope which Lieberkuhn used for the examina-
tion of the mucous membranes, and the circulation of the
blood and chyle in the mesentery of small animals, is repre-

* Vol. ii. p. 280, Works by Hoole,
2
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sented by figs. 14 and 15, and will be found to be accurately
described in a work entitled, Dissertationes quatuor Johannis
N. Lieberkuln, col-
lected and revised by
John Sheldon, sur-
geon, 1782. It con-
sists of a plate of cop-
per or brass, about
one-eighth of an inch
thick, and twelve
inches long by eight
broad, and fashioned
into the shape repre-
sented by the figures.
It is supported, in a
vertical position, on
a tripod stand, the
back of the instru-
ment is represented
by fig. 14, and the
front by 15. At each
corner there is a
small sliding wire
Fig. 14. H H, with a hook at

one end, and opposite to the three holes in the plate marked
A B and C are four smaller hooks % A, the former are for the
purpose of fixing into the legs of any small animal, the cir-
culation in whose mesentery, either of the blood or of the
chyle, is about to be examined; and the latter, or the small
hooks, are used for bringing successive portions of the
mesentery opposite the holes. :
The part of the microscope which carries the magnifying
powers is attached to the plate by pegs; it consists of a thin
plate of brass 1, fig. 15, to which plate is attached another
one 2 by a rivet 3, this last plate is a little curved, and
is also made elastic; in its centre is a screw 4, and at its free
end is a hole 5, into which the magnifier screws; a section of
this part of the microscope is seen in fig. 16, where A re-

1
i
l
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presents the connection of the two plates by a rivet, and B
the bend in the top or lens holder, C the screw for adjust-
ment, and D the hole into which the lens E screws. The

animal being properly secured by the large hooks, and the
portion of it to be examined being brought before the hole B
by the small hooks, the instrument is so placed, that the light
from a window or lamp may pass through the hole, the arm
provided with the lens being brought opposite the hole,
and over the piece of brass 1 the lens can be adjusted to or
from the object by the screw 4, and the plate being curved
and elastic, will always obey the turns of the screw. This
form of instrument was not constructed for sale in this
country, as far as I can learn, and was never improved upon
like the solar, or the microscope for opaque objects. It, no

doubt, was entirely superseded by others more generally
2* ' '
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useful ; and at this time, 1740, we find many makers of
eminence residing in this metropolis, amongst whom, the
names of Cuff, Benjamin Martin, Adams, and Marshall re-
quire especial notice.

Mr. Cuff has already been noticed as the improver of the
solar microscope and of that for opaque objects, both of which
were of Lieberkuhn’s invention, and we find that in the year
1747 he improved for Martin Folkes the pocket microscope of
Wilson, by fixing it to a stand, and by adding a mirror to it;

he subsequently improved the
stand by mounting the lens on a
moveable arm, and making the
stage to slide up and down on a
square stem; the instrument in
this improved form was used by
Ellis in his examinations of coral-
lines, and a figure and description
of the same is given in his work
on Zoophytes, published in 1756.
| The cumbrous compound instru-
" ment of Mr. Marshall was, in
1750, improved by Mr. Culpeper
'and Mr. Scarlet: they first em-
.| ployed a concave mirror for re-
[ flecting the light through the
object and . the compound body.
Their instrument is represented
by fig. 17, it was composed of
| two tubes ab, either of wood or
| paper, sliding one within the other;

pillars ¢d, ¢ d, which rose from the
base e, and supported the round
stage ¢, in which was a large
circular hole for a spring object
holder to be fixed, and some
smaller holes for the reception of
the forceps, small condensing lens and fish-pan. To the inner

to the tube a were attached the:

FERANT .

ST T



THE MICROSCOPE. 21

tube & all the optical apparatus was adapted, the magnifiers,
which were from four to six in number, being screwed to the
end of the small tube 7, and the eye-piece, which consisted of
two convex lenses, being fitted into the wooden top of the
compound body 4. A concave mirror k was used for reflecting
the light, and a drawer f in the base e served to contain all
the magnifiers and other parts of the apparatus. The only
adjustment for focus with which this microscope was pro-
vided, was that accomplished by sliding the tube & up and
down in the outer tube a, the tube & being marked with lines
at A, to denote the distances through which the tube should
be moved for the different magnifying powers. This instru-
ment was subsequently much improved in shape, and was
made either of brass or silver, and a rack and pinion were
used for the adjustment. It was in great demand at one
time, and, with its pyramidal case and drawer with apparatus,
may even now be frequently seen for sale in pawnbroker’s
shops. This microscope was styled the double reflecting one,
and was the first instrument to which the concave mirror was
applied for illuminating transparent objects, the mode of
mounting which is similar to that now adopted.

In the year 1744, we are told by Baker,*—¢ That the micro-
scopes of Hooke and Marshall having been reduced to a manage-
able size, improved in their structure, and supplied with an easy
way of enlightening objects by a speculum underneath, and,
in many other respects, rendered agreeable to the curious, by
Mzr. Culpeper and Mr. Scarlet. Some further alterations were,
howcver, wanted to make this instrument of more general
use, as I fully experienced in 1743, when examining daily the
configurations of saline substances, the legs were continual
impediments to my turning about the slips of glass, besides
pulling the body of the instrument up and down, was likewise
subject to jerks, which caused a difficulty in fixing it exaetly
at the focus: there was also ne good contrivance for viewing
opaque ohbjects. Complaining of these inconveniences, Mr.
Cuff, the optician, applied his thoughts to fashion a micros-
cope in another manner, leaving the stage entirely free and

* Vol. ii,, Employment for the Microscope, p. 422.
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open by taking away the legs, applying a fine threaded screw
to regulate and adjust its motions, and adding a concave
speculum for objects that are opaque.” This microscope was
made entirely of brass, and was fastened to the top of a box,
by a scroll or bracket, from which rose two flattened pillars,
one of which, carrying a horizontal arm, was made to slide up
and down against the other, this arm carried the compound
body, the coarse adjustment of the body was effected by this
movement, but the fine by a screw two inches in length,
which was fixed to the back of one of the pillars, and when
its nut was secured by a screw, which clamped the sliding
pillar, then the body could be moved slowly up and
down. The stage, which was somewhat of the shape of a
cross, had several holes in it, for the reception of the con-
densing lens, forceps, and fish-pan. The lower part of the
compound body was cylindrical for the space of two or more
inches, and marked with numbers corresponding to those of
the lenses; upon this a Lieberkuhn, with a long tube, was
made to slide, and when set to the figures there marked, an
object placed on the stage would be in the focus of the specu~
lum. In the year 1747, Mr. Cuff invented a micrometer for
this instrument, it was made of a lattice of fine silver wires,
distant from each other one-fiftieth part of an inch, intersecting
at right angles, and so placed in the focus of the eye-glass as
to divide the whole visible area of the microscope into squares,
whose sides are each one-fiftieth of an inch. The microscope of
Benjamin Martin, described in a work published at Reading
in 1746, was of the compound form, and adapted for being
carried in the pocket; it was of a cylindrical shape, like the
body of Culpeper’s, and, like it, the adjustment was made by
sliding one tube within the other, the mirror was placed in
the bottom of the tube in an inclined position, and was not
capable of being moved. It was also supplied with a screw
micrometer of a peculiar construction, which had, on the
outside of the body, a dial-plate and hand resembling the face
of a watch. To this ingenious optician we are indebted for
the invention of the hand magnifier, with one or more lenses,
which has undergone little or no change since his time. We
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are told that Benjamin Martin greatly improved the micro-
scope of Cuff before described, by the addition of a joint, so
that the compound body might be inclined to any angle, and
also by the setting of all the lenses in a circular disc of brass,
which was capable of being revolved in such a manner, that
each lens in succession might be brought under the com-
povnd body; this did away with the necessity of screwing
and unscrewing when the powers were required to be
changed. The compound body could be removed from the
lenses, and the lenses themselves then constituted it a single
microscope, the arm which supported them was capable of
being moved backwards and forwards by means of a rack and
pinion, a plan now in use.

About this time, 1740, there lived in this metropolis a phi-
loscphical instrument maker of some eminence, named George
Adams, who published, in 1746, a quarto work, entitled
Micrographia Illustrata ; or, the Knowledge of the Microscope
Ezxplained. In this work were contained a description of the
nature, uses, and magnifying powers of microscopes in general,
togather with full directions how to prepare, apply, and ex-
amine, as well as preserve, all sorts of minute objects. This
work was the first of the kind published in this country, and
contributed not a little to the advancement of microscopic
science. The microscopes made by Adams, were of two
kinds, the single and the compound; their chief peculiarity
consisted in the arrangement of the lenses, which were six in
number, and were all set in a large plate of brass, capable of
being turned upon the central pillar of the instrument, and
each lens in succession could be brought underneath a hollowed
plate or cup, which served as an eye-piece. For the coarse
adjustment the plate was made to slide up and down the pi